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(54) Myocardial revascularization device 



(57) An apparatus tor combined mechanical/laser 
myocardial revascularization of a human heart is oper- 
ated by inserting a mechanical piercing device and an 
elongated flexible lasing apparatus into the chest cavity 
of a patient; mechanically auto-piercing, micro-tearing 
or spreading the epicardium of the heart; and then lasing 
from beneath the epicardium through the myocardiuni. 
The apparatus is guided to an area exterior to a ventricle 
of the patient's heart, and the distal end of the energy 
delivery device such as an optical fiber apparatus is 
placed internal to the exterior wall of the heart through 
an opening which has been created by mechanically 
piercing, micro-tearing or spreading the epicardium, so 
that the myocardium and not the epicardium is irradiated 
with laser energy to allow passage of said energy deliv- 
ery device such as an optical fiber distal end or said laser 



energy into the left ventricular cavity without causing a 
laser irradiation of the epicardium which might be a 
cause of operative bleeding and for better allowing the 
sealing of the epicardium after the apparatus is re- 
moved. The apparatus includes a hand-held device con- 
trollable by the physician having a removable distal 
head portion with an auto-piercing mechanism and can 
use a vacuum source to provide a suction force at the 
head portion. The auto-piercing mechanism is imple- 
mented by various ways such as a spring-biased actu- 
ating member in the TMR hand-held device and an elec- 
tro-mechanical operated piercing mechanism. The 
hand-held TMR device with handle assembly can also 
be controlled by a computer to provide auto- sequencing 
of the auto-piercing needle mechanism and the laser fir- 
ing with auto-fiber advancement. 
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Description 

This invention relates to the field of laser surgery, 
and rnore particularly to improved laser surgery devices 
for use in procedures for increasing the flow of blood to s 
heart muscle. 

Medical science has developed a wide variety of 
methods for counteracting the effects of cardiovascular 
disease including open heart and by-pass surgery. Non- 
surgical procedures such as percutaneous transluminal io 
coronary angioplasty, laser angioplasty, and atherecto- 
my have been developed. 

One alternative to the aforementioned procedures 
is known as Transmyocardial Revascularization (TMR). 
In such procedures, channels are formed in the ventricle 
wall of the heart with a laser. These channels provide 
blood flow to ischemic heart muscle. A history and de- 
scription of this method has been documented by Dr. M. 
Mirhoseini and M. Cayton on "t-asers in Cardiothoracic 
Surgery" in Lasers in General Surgery (Williams & 20 
Wilkins; 1989) pp. 216-233. 

As described therein, a C02 laser was used to pro- 
duce channels in the ventricle from the epicardium 
through the myocardium. This procedure followed a sur- 
gical incision in the chest wall to expose the heart. Laser 2S 
energy was transmitted from the laser to the epicardium 
by means of an articulated arm device of the type com- 
monly used for C02 laser surgery. The beam was co- 
herent and traveled as a collimated beam of laser ener- 
gy through the epicardium, the myocardium and the en- 30 
docardium into the left ventricle cavity. The epicardium 
received the highest energy density and therefore nor- 
mally had the largest area of heart tissue removed com- 
pared with the endocardium which was approximately 
1-cm deep to the epicardium. The resultant channel 35 
through the myocardium was funnel-like. A problem as- 
sociated with the above procedure arose because laser 
perforation of the epicardium caused bleeding from it 
outwardly from the left ventricle after the procedure. Ex- 
ternal pressure by the surgeon's hand on the epicardium 40 
of the heart was often needed to stop bleeding from the 
ventricle to the outside through the hole produced by the 
laser in the epicardium. However, this procedure was 
usually only partially successful because it resulted in a 
significant amount of blood loss and/or an excessive 45 
amount of time required to stop the bleeding. Both fac- 
tors could jeopardize the success of the revasculariza- 
tion procedure. 

In a proposed improvement in an TMR procedure 
described In Hardy U.S.. Patent No. 4,658,817, a needle so 
was added to the distal tip of an articulated arm system, 
with a beam of laser energy being passed through the 
lumen of the needle. The metal tip of the needle of the 
device was used to pierce most of the myocardium and 
the laser beam then was used to create the desired ss 
channel through the remaining portion of the myocar- 
dium and through the adjacent endoc^ardium. In the Har- 
dy procedure, the hollow needle used to deliver laser 



light was subject to being clogged by tissue or blood 
which could flow Into the needle, thus blocking the laser 
light from Impinging the myocardium. Also, the metal rim 
of the needle could be damaged by the intense laser 
light and leave contaminating metal remains within the 
myocardium which are potentially hazardous. 

Another proposed TMR procedure is described in 
the Aita, et at. U.S. Patent 5.380,316. Alta, commenting 
on the Hardy needle devk;e, contends that mechanical 
piercing was undesirable because it entailed some de- 
gree of tearing of the pierced tissue, and that tearing 
often leads to fibrosis as the mechanical tear heals, a 
factor that severely diminishes the effectiveness of the 
TMR treatment. Aita, et al. also contends that exposure 
to metal may cause fibrosis where the needle passes 
through tissue. The Aita, et al. patent describes an elon- 
gated flexible lasing apparatus which Is guided to an ar- 
ea exterior to the patient's heart and irradiates the exte- 
rior surface to form a channel through the epicardium, 
myocardium and endocardium. Thus, in the Aita et al. 
procedure, the epicardium is irradiated at a high energy 
density and therefore should have a large area of heart 
tissue removed. Consequently, the Alta et al. procedure 
has the same problems and disadvantages as the prbr 
Mirhoseini TMR procedure with respect to the afore- 
mentioned bleeding problem in the outer surface of the 
epicardium. 

In U.S. Patent 5,713,894, an Improved apparatus 
and method for TMR procedures is disclosed. In this 
teaching, the epicardium membrane of the heart muscle 
is first penetrated mechanically by a hollow piercing 
member and thereafter the distal end of a laser trans- 
mitting fiber Is moved forward ly through the myocardium 
as it emits pulses of laser energy to form a channel. 
When the fiber element is retracted and the piercing 
member Is removed the opening that was made me- 
chanically in the epicardium tends to close to prevent 
excessive bleeding from the channel formed in the my- 
ocardium. Other examples of myocardial revasculariza- 
tion devices with manual optical fiber advancement 
mechanisms may be found in EP-A-0 815 798. 

Other surgical techniques for performing TMR in- 
clude those disclosed In European patent application no 
98300728.7. These disclosures teach of a viewing sur- 
gk:al scope apparatus that can Introduce a visualization 
scope and a tissue ablation optical fiber for minimally 
Invasive surgical use. These disclosures also include a 
hand-held TMR optical fiber advancement and control 
handle assembly that attaches to an articulating handle 
member whrch in turn deflects the device's articulating 
distal tip assembly where the optical fiber egresses to 
perform the procedure. European patent application no 
98300728.7 also includes an auto-piercing mechanism 
in this handle assembly. 

Under certain operating conditions, the character- 
istics of the epicardium membrane may vary so the phy- 
sician may elect to use one or more different tip mem- 
bers on the hand-held device for carrying out the afore- 
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said improved TMR procedure. Also, it is desirable that 
the physician be able to pierce the epicardium in the 
nnost efficient manner using an auto-piercing mecha- 
nism thereby minimizing the size of the opening neces- 
sary to accommodate an advancing fiber element. The 
TMR device of the present invention addresses these 
problems. 

Additionally many presently used hand-held TMR 
devices require manual finger control to advance the en- 
ergy delivery devices such as an optical fiber while a 
physician fires the laser to create TMR channels. Thus, 
there is need for an automated TMR device. 

The present invention comprises a method and ap- 
paratus for combined piercing/energy delivery myocar- 
dial revascularization of a human heart. In particular, the 
inventions herein are improvements to a revasculariza- 
tion device with handle assembly which includes a 
hand-held device with a mechanical piercing element for 
making an initial opening in the membrane of the heart. 
The device may include for MIS approaches an appa- 
ratus tor insertion into the chest cavity of a patient. In 
one form, the device Includes a detachable distal tip as- 
sembly Including a hollow piercing means that mechan- 
ically penetrates, micro-tears or spreads the epicardium 
muscle fibers of the heart. The tip assembly includes a 
stop member for engaging the epicardium outer surface 
and a body portion that retains the hollow piercing mem- 
ber. The latter may be biased by a spring to provide a 
desired piercing characteristic. Within this hollow pierc- 
ing member is the distal end of the energy delivery de- 
vice such as an optical fiber. The hand-held TMR devic- 
es and handle assemblies include an auto-piercing 
mechanism for piercing the epicardium prior to revas- 
cularization procedures. The energy delivery device 
such as an optical fiber can be controllably displaced to 
pre-set displacements. Additionally to auto-piercing, in 
a preferred embodiment, the energy delivery device can 
be automatically controlled by a processor, e.g. optical 
fiber advancement coordinated with laser firing. 

After the piercing member penetrates the epicar- 
dium of the exterior wall of the heart, energy is emitted 
from the distal end of the energy delivery device. Thus, 
the myocardium and not the epicardium is treated to 
form a channel without treating the epicardium which 
can cause operative bleeding. An air suction conduit 
connected to the tip assembly preferably provides 
means for cleaning debris from the channel being 
formed and to keep the outer surface of the epicardium 
firmly against the stop member of the tip assembly Seal- 
ing of the epicardium occurs after the piercing member 
of the device is removed so that a minimum of bleeding 
occurs after each TMR procedure. 

Preferred embodiments of the invention provide a 
TMR hand-held device with handle assembly that In- 
cludes automatic piercing in combination with automatic 
energy delivery device such as an optical fiber advance- 
ment sequenced with' device activation for creating TMR 
channels. A motorized actuating mechanism may be in- 



corporated in the TMR device's handle to drive an en- 
ergy delivery device such as an optical fiber and can 
include processor control in combination therewith. 
Embodiments of the invention desirably facilitate a 
5 less invasive and safer device for performing myocardial 
revascularization which does not diminish the effective- 
ness of the TMR treatment and eliminates problems of 
excessive bleeding from a patient's epicardium follow- 
ing the channel forming procedure. 
10 Advantageously embodiments of the invention may 
provide an apparatus for performing myocardial revas- 
cularization which utilizes mechanical perforation or 
piercing of heart tissue to promote sealing of the epicar- 
dium but in such a way as to minimize the effect of any 
^5 fibrosis which such perforation may cause, thereby 
maintaining TMR procedural effectiveness. 

Some embodiments desirably provide an improved 
hand held TMR device that includes features for inter- 
changeable and/or disposable distal tips for making an 
initial epicardium opening so that the TMR hand held 
device's control member can thereafter advance the dis- 
tal end of an energy delivery device to or through the 
patient's myocardium. 

In a preferred embodiment, the invention desirably 
provides a device for use in a TMR procedure which us- 
es air suction during its operation to draw blood into the 
channel just formed and thereby enhance the effective- 
ness of the procedure. 

Additionally, some preferred embodiments may 
provide an improved hand-held TMR device with handle 
assembly that includes features for automatic needle 
piercing by making an initial epicardium opening so that 
the device's energy delivery device such as an optical 
fiber can proceed through a patient's myocardium with 
coordinated activation of the energy delivery device. 

Embodiments of the present invention desirably 
provide an improved hand-held TMR device that ena- 
bles accelerated piercing by the needle member to in- 
crease peak epicardlal tissue piercing capability for a 
physician to perform work on a heart. 

Embodiments of the present invention may advan- 
tageously, provide an improved hand-held TMR device 
that allows for one standard hand-piece design, which 
has interchangeable head portion designs for allowing 
use of various needle designs along with distal end 
shafting, be it a rigid shafting or a flexible catheter de- 
sign, thereby enabling the creation of either straight or 
branched channels or the formation of stimulus injury 
zonal regions in myocardial tissue, and includes a safety 
feature that eliminates an exposed needle when not in 
use 

Also, embodiments of the present invention may 
desirably provide an improved hand-held TMR device 
with handle assembly and computer based system that 
includes processor controlled motors within the TMR 
device's handle assembly for Improved controllability of 
an energy delivery device such as optical fiber move- 
ment/firing in addition to initial auto-piercing. 
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Embodiments of the device of the present invention 
are described below by way of example only, and with 
i'eference to the accompanying drawings of which: 

^ FIG. 1 is a schematic view in section of a human 
heart showing revascularization of the myocardium uti- 
lizing a device according to the present invention. 

FIG. 2 is an enlarged view in perspective showing 
a device embodying principles of the invention for im- 
plementing the revascularization procedure of FIG. 1. 

FIG. 3 is an enlarged exploded and fragmentary 
view in section of the device shown in FIG. 2 showing 
details of the handle portion and the advancing mecha- 
nism for linear movement of a movable fiber element. 

FIG. 3A is a fragmentary view in section of the distal 
end member for the device shown in FIG. 3. , 

FIG. 3B is a view in section showing an alternate 
form of the distal end member according to the inven- 
tion. 

FIG. 4 is an end view of the distal end member of 
the device of FIG. 3 A. 

FIG. 5 is an exploded view in elevation and in sec- 
tion of the device's distal end member of FIG .2. 

FIGs. 6-9 are enlarged views in elevation and in 
section showing the end member of FIG. 3 A assembled 
and in operation during a typical TMR procedure accord- 
ing to the invention. 

FIG. 1 0A is a perspective view of the auto-piercing 
hand-held TMR device. 

FIG. 1 0B is a perspective view of portions of the de- 
vice shown in FIG. 10A. 

FIG. 1 0C is a perspective view of the outer housing 
portions of the hand held device shown in FIG. 10A 
showing the depth stop features and the kinenoatics of 
the piercing needle. 

FIGs 11A.11B,11C.11D,11E,11F & 11G are side 
views of the mechanical auto-piercing assembly that 
. form part of the hand held device shown in FIG. 10A 
which show the time sequence of operation. 

FIGs 12A,12B.12C,12D.12E.12F & 12G are per- 
spective views of a motor assist auto-piercing assembly 
for various hand held TMR devices. 

FIG. 1 3 shows an electrical schematic for a motor 
operated hand-held device for any of the embodiments 
shown in FIGs 12A-12G. 

FIG. 14 shows a block diagram showing the control 
scheme for an automatic piercing needle with auto-fiber 
advance within the hand held TMR device. 

FIG. 15 shows a side view of the handle assembly 
with an auto-piercing needle motor and auto-fiber ad- 
vance mechanisms that can be incorporated with any of 
the TMR devices with handle assemblies shown in FIGs 
12A-G. 

With reference to the drawing, FIG.1 diagrammati- 
cally depicts a human heart 10 with the epicardium 12 
of the left ventricle 14 exposed where a myocardial 
revascularization procedure according to the invention 
is to be performed. Preliminary to the procedure the sur- 
geon makes an incision in the patient's chest to expose 



the outer wall (epicardium) of the heart's left ventricle. 
In a human heart the wall of the left ventricle, is com- 
prised of an outer layer, the epicardium, the main muscle 
thickness, the myocardiunn, and the inner layer or endo- 
5 cardium. The epicardium is comprised of a smooth, 
moist serous membrane which is somewhat tougher 
than the other tissue layers of the heart muscle. 

in carrying out the method of the present invention, 
the surgeon utilizes a hand-held device 16 which is ma- 
10 nipulated and operated to form a series of revasculari- 
zation channels 18 in the myocardium of the patient's 
heart at selected spaced apart locations. 

In accordance with the principles of the invention, 
each of channels is formed by first piercing the epicar- 
dium membrane to form a relatively small opening 
through which the distal end of an energy delivery de- 
vice such as an optical fiber can be forced to engage 
the myocardium. The energy delivery device such as an 
optical fiber element is connected to an energy source 
28, here a laser device at its proximal end. Once through 
this opening, laser energy is emitted from the fiber ele- 
ment as it is moved forwardly to form the channel in the 
myocardium and preferably completely through the en- 
docardium. After the channel has been formed, the dis- 
tal end of the fiber element is retracted to a position with- 
in the end member of the device 16 which can then be 
moved to another location to repeat the procedure. 
When the end member of the device is removed, the 
relatively small opening in the epicardium substantially 
closes due to the tissue resiliency, thereby minimizing 
any blood flow from the channel just formed. The device 
is connected by a flexible conduit 36 to a vacuum source 
37 which helps to remove debris caused by laser action 
during a channel forming procedure and also to initiate 
blood flow into each channel as it is formed in order to 
maximize the revascularization process. Alternatively, 
this conduit 36 can provide drug delivery or irrigate the 
distal end of the head-piece 24. 

As shown in FIG. 2, the device 16 comprises a 
housing 20 adapted to be hand held by the surgeon dur- 
ing an operative procedure, a J-shaped neck member 
22 attached to the housing and an interchangeable dis- 
tal head member 24 having a hollow piercing tip 25 (See 
FIG. 3 A). An energy delivery device such as an optical 
fiber 26 whose proximal end is connected to the laser 
source 28 extends through the housing and through the 
neck member to the distal end member. Within the hous- 
ing 20 the fiber element 26 is connected to a movable 
shuttle 30 (FIG. 3) which extends outside the housing 
and is connected to a thumb actuated control member 
32. Thus, movement of the control member 32 by the 
surgeon will move the distal end 34 of the fiber element 
beyond the distal head member 24 of the neck member 
(FIG. 7). The vacuum line 36 extending from the vacuum 
source 37 such as a conventional hospital vacuum type 
canister device is connected to a barbed inlet 38 in the 
housing 20. This inlet communicates with an air pas- 
sage 39 around the fiber element that extends to distal 



25 



30 



35 



40 



45 



so 



4 



7 



EP 0 888 750 A1 



8 



head member 24. Thus, when in use, a suction is pro- 
vided at the distal head member 24 of the device 16 
which performs two vital functions. First of all, the suc- 
tion force draws the epicardtum tissue firmly against the 
contacting face of the distal head member 24 so that a 
relatively small opening can be made in the epicardium 
muscle fibers to allow the distal end of the fiber element 
26 to penetrate and engage the myocardium. As the fib- 
er element is advanced by the surgeon beyond the ep- 
icardium opening and into the myocardium, laser pulses 
are produced from its distal end 34 to form a channel 18 
through the myocardium. As the fiber element continues 
to advance, the air suction provided helps to remove de- 
bris caused by the laser and also draws blood into the 
channel to assure that the revascularization process will 
commence properly. When the fiber element is retracted 
after forming a channel, the distal end member 24 is 
moved away and the opening in the epicardium closes 
naturally with a minimum of bleeding. (FIG. 9) It will be 
understood that the energy device optionally may be ac- 
tivated to provide energy through a pilot hole formed by 
piercing without advancement into tissue, although such 
advancement is preferred. 

Describing now the device 16 in greater detail, with 
reference to FIG. 3. The housing 20, which may be 
molded from a suitable plastic material, has an enlarged 
central cavity 40 to accommodate the shuttle 30. The 
latter has a cylindrical portion which surrounds and is 
firmly attached to the fiber element 26. Attached to the 
cylindrical portion is a web portion 42 which extends 
through an axial slot 44 in the housing. The web portion 
is connected to the control member 32 on the outside of 
the housing 20 which preferably has an arcuate config- 
uration in cross-section with a pair of external, trans- 
verse ridge portions 46 that facilitate easy thumb control 
by the surgeon. 

Below the central cavity 40 is the barbed inlet 38 for 
the vacuum line 36 which communicates with the air 
passage 39 to the distal end member 24. An internal 
rubber disk 48 is provided within the housing to seal the 
air passage from the central cavity 40. The disk sur- 
rounds the fiber element and is held in place along its 
periphery by an annular groove 49. 

At its forward end, the housing tapers to a threaded 
end portion 50 having a tapered end surface 52 for re- 
ceiving a flared end 54 of the neck member 22. With the 
inner surface of this flared end in contact with the ta- 
pered end surface 52, a jam nut 56 around the neck 
member can be tightened on the threaded end portion 
50 to secure the neck member to the housing 20. The 
jam nut 56 is preferably provided with a radially extend- 
ing, integral fin or projection 57 which provides a means 
for easily turning the jam nut to loosen or tighten It. This 
enables the surgeon to quickly adjust the axial orienta- 
tion of the J-shaped neck member 22 and thus the po- 
sition of the distal head member 24 relative to the hous- 
ing 20. 

The proximal end of the energy delivery device such 



as an optical fiber element 26 is connected to the source 
or generator 28 of laser energy which is preferably a Hol- 
mium laser that operates at a wave length in the range 
of 1 .8 to 2.2 microns and a pulse frequency in the range 
5 of 2-25 Hertz. This type of laser is preferable because 
it provides high absorption efficiency, hemostosis and a 
moderate absorption range in myocardium tissue, and 
is compatible with an energy delivery device such as an 
optical fiber. Other laser sources that can be used are 
10 taught in EP-A-0 836 834. 

At the laser generator, laser energy is supplied to 
the energy delivery device such as an optical fiber 26 
which, at its distal end, has a diameter of around 1 mm. 
The energy delivery device such as an optical fiber ele- 
'5 ment is comprised of a plurality (e.g. 37) of glass fibers 
each having a diameter of 100 microns. These glass fib- 
ers are held together by a suitable plastic material, such 
a 353 ND Epoxy, and near its distal tip, the fiber element 
is preferably surrounded by an annular tantalum marker 
which sen/es to retain the fiber element in a closely 
packed geometric boundary surrounding the optical fib- 
er element is a plastic protective sheath such as poly- 
propelene having a wall thickness of .004 inches. Other 
fiber element configurations could be used within the 
scope of the invention, single fiber elements may also 
be used. 

In the embodiment shown, the neck member 22 of 
the device 1 6 is a tubular member having a uniform out- 
side diameter (e.g. 0,120 inches) and inside diameter 
(e.g. 0.094 inches) preferably bent into an angular "J" 
shape within which the energy delivery device such as 
an optical fiber element 26 is slidable. This neck portion 
is preferably made from a stainless steel which is heat 
treated to make it malleable and thus somewhat flexible. 
This enables the neck portion to be easily bent so that 
its distal end head member 24 can be positioned to ac- 
commodate the specific requirements of the surgical 
procedure being performed. 

Removably attached to the distal end of the tubular 
neck is the enlarged positioning and stabilizing head 
member 24 for the device 16 which includes the hollow 
piercing tip 25 for making the initial opening in the epi- 
cardium. In the embodiment shown in FIGs. 4-9, this 
head member 24 has an annular flange portion with a 
generally planar end surface 27 that is transverse and 
preferably perpendicular to the axis of the inner passage 
and the fiber element 26 therein. One or more circular 
ridges 29 are provided in the end surface 27 so that the 
head member 24 will retain its position when pressed 
firmly against the epicardium of the heart. 

The hollow tip member 25, preferably made of a 
suitable metal, e.g. stainless steel, has an inner diame- 
ter that is sufficient to accommodate the fiber element 
26 with ample clearance so that the latter will slide freely 
through it. At its distal end the tip member is beveled to 
form a sharp anti-coring needle point 58. At its other end, 
the tip member has an enlarged tapered head portion 
60. 
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The distal head member 24 has a body portion 62 
with an enlarged central bore 64 having internal threads 
66 that enables it to be quickly attached to the end of 
the neck member, in lieu of the threads 66, the head 
member 24 could be connected to the distal end of the 
neck member 22 by means of a Luer taper and lock nut 
combination (not shown) which is a standard connection 
system for tubular parts that is well known in the medical 
field. 

Within one end of the bore 64 is an annular conical 
seat 68 which supports the enlarged head portion 60 of 
the tip member 25. A coiled spring 70 is preferably pro- 
vided within the central bore to contact the enlarged 
head of the tip member and urge it against the seat 68. 
However, if a level of resistance is encountered by the 
tip member during its initial contact with the epicardium, 
the spring wilt allow some retraction of the tip member, 
thereby easing the initial penetration process. 

An alternative form of head end member 24a ac- 
cording to the invention is shown in FIG. 3B. In this em- 
bodiment the removable piercing tip member 25 is pro- 
tected by a movable outer sleeve member 72 that func- 
tions as a shield means and has a flared portion 74 with 
an end surface 76 that contacts the epicardium surface. 
The outer sleeve member is co-axial with and movable 
relative to an inner sleeve member 78 having an en- 
larged inner end portion 80. This inner sleeve has a cen- 
tral bore with interna! threads 82 at its inner end to fa- 
cilitate its connection with the distal end of the J-shaped 
neck member 22. Within the bore is an annular tapered 
surface 84 that fonms a seat for the tapered head end 
of the piercing tip member 25. At the outer end of the 
inner sleeve member is an annular flange portion 86 
which extends radially within an elongated inner slot 88 
in the outer sleeve member 72. Similarly, at the inner 
end of the outer sleeve member is an inner end flange 
90 that extends inwardly within an extended slot 92 that 
is formed by the end flanges 80 and 86 of the inner 
sleeve 78. Situated within the extended slot 92 is a 
coiled spring 94. When the head end member 24a is not 
in use and no axial force is applied against the end sur- 
face 76, the outer sleeve, 72, urged by the spring 94. 
extends beyond the end of the tip member 25 and thus 
protects it from any inadvertent contact with any sur- 
rounding object. When in use, as the end surface 76 of 
the outer sleeve is placed against the epicardium sur- 
face, it is moved rearwardly against the spring 94 so that 
tip member 25 can proceed to pierce the epicardium 
membrane in the desired manner 

The length of the tip member 25 is such that, in the 
embodiment of FIG. 3A, its tapered end normally ex- 
tends around 0.2 inches beyond the contacting surface 
27 of the head member 24. Similarly, in the embodiment 
of FIG. 3B, when the outer sleeve 72 is retracted against 
the spring 94, the tip member can project the same dis- 
tance so that it will penetrate well through the epicar- 
dium in actual use. However, tip members of varying 
lengths may be used interchangeably by the surgeon to 



accommodate different conditions in accordance with 
the invention. 

The use of the device 16 in a Transmyocardial 
Revascularization (TMR) procedure according to the in- 
5 vention is illustrated in FIG. 1 and in greater detail in 
FIGs. 6-9. After the surgeon makes an opening in the 
patient's chest to expose the left ventricle outer wall of 
the heart, the device 16, connected to its laser source 
is held by the surgeon. 
10 During the TMR procedure the device 16 is maneu- 
vered so that its head end 24 is placed against the epi- 
cardium of the left ventricle. (FIG. 6) The annular end 
face 27 of the head end member 24 serves as a stop as 
it is pressed against the outer surface of patient's heart. 
15 As this is done, the piercing tip member 25 first pene- 
trates the tougher outer epicardium layer of the heart 
muscle while the distal end of the fiber element 26 is just 
inside the piercing member The spring 70 provides a 
cushioning effect as the piercing member first engages 
the epicardium surface. With the head end member 24 
in place and the piercing member 25 through the epi- 
cardium, the fiber element 26 is moved forward from the 
distal end of the device as shown in FIG. 7 by movement 
of the control knob 32 as laser pulses are simultaneous- 
ly transmitted from its distal end 34. As laser energy is 
emitted, the distal end of the energy delivery device 
such as an optical fiber element proceeds through the 
myocardium portion of the ventricle wall 1 2 and ultimate- 
ly through the inner endocardium layer (FIG. 8) As the 
fiber element advances and pulses laser energy it forms 
an expanding channel 18 in the myocardium that pro- 
vides the revascularization of the heart muscle. 

An important feature relative to the present inven- 
tion is that the epicardium is pierced or penetrated me- 
chanically but is not subjected to laser energy. The 
piercing tip member 25 penetrates through the epicar- 
dium with only a minimal damage to tissue and while 
protecting the distal end of the fiber element 26. Thus, 
after the channel 1 8 is fully formed, the fiber element 26 
is retracted by the control knob 50 and the piercing 
member 25 is removed. (FIG. 9) The opening caused 
by the piercing member normally closes due to the re- 
siliency of the muscle fibers in the epicardium so that 
there is no bleeding or only minimal bleeding on the out- 
er surface of the heart. From the forgoing it is apparent 
that the present invention provides an improved device 
for performing TMR procedures that affords versatility 
by virtue of its removable, replaceable distal tip mem- 
bers 25 and which enables the formation of effective 
channels for revascularization that normally close at the 
epicardium membrane to minimize postoperative bleed- 
ing. 

AUTO-PIERCING ADVANCE MECHANISM USING 
MANUAL CONTROL: 

FIGs. 10A-10C show in a partial perspective view 
an auto-piercing hand held TMR device 100 with an en- 
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ergy delivery device such as an optical fiber 101 that is 
preferably insertable therein. The device 100 includes 
a piercing needle trigger slide 102 that attaches to the 
flexible piercing needle tube 1 1 0, a ebt 11 2 for passage 
of the fiber element 101 there-through to the device's 
distal head member section. The mechanical auto- 
piercing assembly 120 of the device 100 includes the 
device's 100 housing which has an integral slider flange 
122 attached thereto for guiding an actuator slide 105, 
a trigger slide 102 with a biasing spring 104 and an ac- 
tuator slide member 105 which attaches to the finger 
slide 106. An optional pin locking member 99a & 99b 
can be included with the assembly 1 20 to lock the mo- 
tion of the trigger slide 102 in place and prevent acci- 
dental trigger release. The trigger slide 102 is typically 
made of a plastic material such as delrin. The trigger 
slide 102 has a flexible tongue section 117 which allows 
the trigger/release action of the assembly 120. The ac- 
tuator slide 105 attaches to a finger slide 106 which is 
finger controlled by a physician. The finger slide 1 06 pro- 
vides both auto-piercing actuation and energy delivery 
device such as an optical fiber advance control for pre- 
cise, one-handed advance and withdrawal of the energy 
delivery device such as an optical fiber element 1 01 dur- 
ing TMR treatment. This hand device 100 has a tip ro- 
tation control knob 114 which allows 360 degree tip ro- 
tation control for accessing all areas of a heart, including 
the posterior wall of the left ventricle. The outer guide 
tube shafting 106 is typically a malleable tube and can 
be shaped for precise positioning and control of the tip 
end member 24. The hand-held device's 1 00 handle in- 
cludes pre-set fiberoptic depth stops 95 formed integral 
with the device's 100 external housing as shown in FIG. 
IOC. The handle member's slider 106 has a cross-slide 
member 97 within which can engage these depth stops 
95 to limit advancement of the energy delivery device 
such as an optical fiber 101. The depth stops 95 as 
shown typically limit external advancement of the ener- 
gy delivery device such as an optical fiber 101 distal to 
the outer guide shafting 108 to 2.5 cm, 3.0 cm and 3.5 
cm extension there beyond to accommodate varying 
myocardial wall thickness. The piercing needle flex tube 
1 1 0 can rotate and advance simultaneously at the distal 
end of the outer guide shafting 1 08 if required. The pierc- 
ing needle's 110 flexible bending section 111 has vari- 
ous cuts, slits and perforations in the semi-rigid material 
and/or an interposed flexible tubing member which al- 
lows for these types of motions. As shown, the bend 111 
is formed by a helical cut in the piercing needle tube 1 1 0. 
The control knob 98 allows the distal end of tube 110 to 
be rotated thereby allowing the formation of branched 
channels in myocardial tissue by using a structural guid- 
ing member at the distal end of tube 110 and shown as 
feature 96. Alternatively, the flexible needle may be con- 
structed of an elastomer material. 

FIGs 11A-11G are side views of the mechanical au- 
to-piercing assembly 1 20 that form part of the hand held 
device shown in FIG. 1 0A which representatively shows 



the operational timing sequence of the auto-piercing as- 
sembly 120. 

FIG. 11 A shows the finger slide retracted to its al- 
most maximum end of travel of the finger slide 106 and 

s ready for use in a triggered condition. The piercing nee- 
dle 110 is representatively shown at a datum surface 
such as a heart's epicardial surface. The .03 indicates 
the advanced free space between the end of the actu- 
ator slide 105 within the device's 100 housing. The da- 

10 tum surface is representative of an epicardial surface. 
The actuator slide 105 has a beveled slider face 119, 
and the trigger slide 1 02, which has a catch element 1 1 8, 
retains the slider 102 in place prbr to forward movement 
caused by biasing spring 104. 

FIG. 11 B shows the finger slide 106 slightly ad- 
vanced to a . 1 2 relative advanced position and the be- 
ginning of a trigger release event of the trigger slide 1 02. 
The slider face 119 engages a corresponding face on 
the trigger slide 102 causing the tongue member 117 to 

20 begin to depress which in turn causes the catch element 
118 to begin the trigger release event. 

FIG. 110 shows the finger slide 106 further ad- 
vanced to a .20 relative advanced position and the onset 
of the trigger release event of the trigger slide 102. The 

25 slider face 1 1 9 slides and depresses the corresponding 
face on the trigger slide 1 02 causing the tongue member 
1 1 7 to depress to the point where the catch element 1 1 8 
Is disengaged from a retention flange that forms part of 
the housing, releasing the trigger slide 102 causing the 

30 piercing needle 110 to begin epicardial tissue penetra- 
tion. 

FIG. 11 D shows the finger slide at the .20 relative 
advanced position of the finger slide 1 06 and the trigger 
slide 1 02 at the end of the housing which is displaced 
35 by .35 cm, i.e. the penetration depth of the piercing nee- 
dle 1 1 0 into myocardial tissue. The distal end 1 1 6 of the 
energy delivery device such as an optical fiber element 
101 is ready to commence lasing action to ablate myo- 
cardial tissue. 

40 FIG. 11E-11G show the finger slide 106 at a 1.18, 
1.38 & 1.58, respectively, relative advanced positions 
which causes the energy delivery device such as an op- 
tical fiber's distal end 116 to advance to a .98 (typically 
2.5cm), 1.18 (typically 3.0cm) and 1 .38 (typically 3.5cm) 

^ relative positioning using a first, second and third fiber 
advance position in myocardial tissue, e.g. using the 
depth stop feature 95. The device's 100 housing as 
shown in FIG IOC has these depth stop 95 members 
which cooperatively engage cross member 97 in the f'\n- 

50 ger slide 106. 

In EP-A-0 815 798, entitled "Contiguous, Branched 
TMR Channel, Method and Device," a hand-piece rota- 
tional mechanism causes a hollow curved piercing nee- 
dle with the above discussed guiding structural feature 

55 96 shown in FIG IOC to rotate 180 degrees with respect 
to the central axis of an actuating gear mechanism. The 
needle rotates within its original pierced hole to indexed 
positions, producing branched TMR channels from a 
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single entry epicardial entry point. The embcxJIments 
discussed below of a TMR device with handle assembly 
in FIGs 12A-12G can also be an auto-piercing needle 
device using a motor for branched channel formation. 

AUTO-PIERCING ADVANCE MECHANISM USING 
MOTORIZED CONTROL: 

FIGs 12A,12B,12C,12D.12E.12F & 12G are per- 
spective views in broken view of motor assist auto-pierc- 
ing needle assemblies showing various embodiments 
of a hand held TMR device 130. These embodiments 
include a piercing needle mechanism for producing 
TMR channels with respect to the piercing axis of a TMR 
device's head tip portion. In particular, the mechanical 
translatlonal motion of a piercing needle is accom- 
plished by various mechanical mechanisms with option- 
al rotation of the piercing needle for branched channel 
formation. The FIGs 12A-12G show the hand-held TMR 
device 130 with handle assembly with thumbwheel 140 
that is used to actuate the piercing needle using either 
a motor or manual drive mechanism. The side knob 1 28 
provides depth stop control of the energy delivery device 
such as an optical fiber to preset displacements, e.g. 
2.5, 3.0 & 3-5 cm. The thumbwheel 1 40 can be a control 
mechanism for an electric drive motor discussed In FIG, 
14 below. 

FIG. 12A shows a belt driven gear mechanism using 
two pinion gears 1 34 & 1 36 wherein the device's proxi- 
mal gear 1 36 attaches to the thumbwheel 1 40 or option- 
ally a drive motor mounted within the device 1 30 hous- 
ing, and a distal pinion gear 134 which causes recipro- 
cation of a piercing needle 138 lead screw. This belt 
mechanism is located inside the front molded pivot/ 
swivel section of the hand-piece 1 30. When the proximal 
pinion gear is actuated by a motor within the handle por- 
tion of the device 1 30, the belt 1 32 rotates distal pinion 
gear 1 34 causing the rotation and advancement or re- 
traction of the piercing needle 1 38. 

FIG. 12B-12C show worm and bevel gear mecha- 
nisms respectively for rotating and reciprocating a lead 
screw piercing needle 1 38. The lead screw 1 38 is typi- 
cally keyed to a slot 137 for preventing needle 138 ro- 
tation. Removal of the key causes the needle 1 38 to ro- 
tate. FIG 1 20 shows a straight head portion section with 
a retractable piercing needle member 1 38 using a first 
bevel gear 1 31 which is driven by a drive shaft 1 45 which 
is rotated by a motor 1 42. The first bevel gear 1 31 mesh- 
es with a second offset bevel gear 133 supported by 
structural members within the housing. The piercing 
needle member 138 translates by a second bevel gear 
1 33 via lead screw threads on the outer portions of the 
piercing needle member 138 which mesh with internal 
threads 135 of the second bevel gear 133. The lead 
screw of the piercing needle 1 38 can be keyed to pre- 
vent rotation of the needle member 138 when translat- 
ing. If such a locking key is renioved, the needle member 
1 38 can rotate and enable the ability to create branched 



channels when the distal end of the needle member 1 38 
includes a guiding structure for directing the energy de- 
livery device such as an optical fiber as similarly taught 
in EP-A-0 81 5 798 as discussed above. 
s FIG. 1 2D shows a straight head portion section with 
a retractable piercing needle member 1 48 using a rotat- 
ing shaft 1 46 with a bladed end portion that lifts and low- 
ers the piercing needle 1 48 with required advancement/ 
retraction. The actuator is a motor 142 which drives the 
10 shaft 146 whose distal end with a screwdriver shaped 
blade cooperatively causes a spring 147 which biases 
the piercing needle member 148 and is retained within 
a molded socket of the hand-piece's arm. When the 
shaft 1 46 rotates, the piercing needle 1 48 either advanc- 
fs es/retracts from the housing. 

FIG. 1 2E shows a straight head portion section with 
a retractable piercing needle member 148 using a leaf 
spring biasing member 152 attached to the piercing nee- 
dle 148 along with an actuator member 150 that trans- 
lates in and out of the housing using a linear motor 142. 
The actuator member 150 depresses the leaf spring 
member 152 causing linear reciprocating member to 
move longitudinally in and out of the hand-piece 130. A 
fixed end of leaf spring 1 52 attaches inside a front mold- 
ed portion of the hand-piece. When this pre-shaped leaf 
spring 152 is depressed by actuator member 150, the 
piercing needle 1 48 advances or retracts from the de- 
vice's housing. 

FIGs 12 F & 12G show a straight head portion sec- 
tion with a retractable piercing needle member 148 and 
160 using a pivotal arm 156 & 158 that is actuated by a 
motor 142, pivoting of the arm 156 & 158 causes the 
advancement or retraction of the needle member 1 48 & 
160 respectively The pivotal arm is retained in sockets 
1 59 of the housing. If the needle is required to rotate for 
creating branched channels, the pivot arm's 1 56 internal 
slot for retaining the needle 148 can include a rack and 
pinion mechanism with a gear element attached to the 
top of the piercing needle 148 for needle rotation and 
the housing motor can include a driver for longitudinal 
movements within the hand-piece 's outer arm section. 

FIG. 13 shows an exemplary electrical schematic 
of a motor controller for controlling motor 142 that ad- 
vances or retracts the piercing needle member shown 
in FIGs 12A-12G. This controller is direct current (DC) 
powered and includes three switches for control of the 
piercing needle element. A power-on switch provides 
power to the controller, and an advancement and a re- 
traction switch are used for controlling the rotation of the 
motor. The advancement/retraction microswitches 
which mechanically interlink with thumbwheel 140. 

AUTO-FIBER ADVANCE USING PROCESSOR 
CONTROL: 

EP-A-0 812 574 entitled "Interoperative Myocardial 
Device and Stimulation Procedure," teaches of a meth- 
od for creating stimulus revascularization zones in my- 



25 



30 



35 



40 



45 



50 



8 



15 



EP0 888 750 A1 



16 



ocardial tissue in the lieart*s ventricular wall is taught. 
This disclosure teaches of a nnethod which includes 
steps for moving a distal end of an energy delivery de- 
vice such as an optical fiber element forwardly through 
the heart's epicardium into myocardial tissue by firing 
laser energy from the fiber's distal end to form stimulus 
injury zones that promote capillary growth and tissue 
revascularization. A TMR hand-held device as taught 
therein includes auto-fiber advance with sequenced la- 
ser firing. The types. of optical fibers used include vari- 
ous optical fiber tip designs to create stimulation zones 
within myocardial tissue. The devices taught herein can 
Include these various optical fiber tip designs to create 
these stimulation zonal regions. 

FIGs 14-15 combined represent a control scheme 
and device for auto-piercing with auto-fiber advance. 
The hand held device 206 can include any of the auto- 
piercing needle mechanisms shown in FIGs 12A-12G 
as discussed above and auto-fiber advancement as dis- 
cussed below and representatively shown in FIG 15. In 
particular, the hand-held device 206 with auto-fiber ad- 
vancement and laser firing creates consistent TMR 
channels. The computer 200 via laser controller 202 can 
enable or disable laser firing, alter laser energy, com- 
mand fiber advancement via the advancement mecha- 
nisms shown in FIG. 15, and/or control the pulse rate 
based upon observed tissue penetration. The computer 
200 functionally: a) causes initial auto -piercing by a 
hand-held device prior to fiber advancement; b) auto- 
matically fires the laser followed by controlled advance- 
ment prior to next laser firing, c) allows deviation of the 
pulse repetition rate to adjust channel formation char- 
acteristics and minimize lateral tissue damage effects 
and d) allows most of the laser pulse energy as a func- 
tion of channel depth for enhanced channel formation. 
The computer 200 and hand-piece includes a manual 
override feature which allows a physician manual con- 
trol. Laser parameters for TMR are taught in EP-A-0 836 
834 as discussed above. The computer 200 operates in 
real-time to fire the laser 204 through proper control sig- 
nals to the laser controller 202. The laser controller 202 
also controls the laser parameters based upon previ- 
ously stored a-priori condition(s) according to preferred 
channel formation parameters in computer 200. The op- 
tical fiber advancement rate is dependent on the energy 
level and rate delivered to achieve desired tissue abla- 
tion. Computer 200 also automatically actuates the au- 
to-piercing mechanisms as discussed above in FIGs 
12A-12G using the motor 142. Energy from the laser 
204 is optically transmitted to a distal end of the surgical 
instrument's 206 fiber tip whereupon heart tissue vapor- 
izes creating a TMR channel. One or more pulses of la- 
ser irradiation can be used to create the TMR channel 
resulting in left ventricle penetration. During a TMR pro- 
cedure, the fiber distal tip is preferably offset from a tis- 
sue surface undergoing treatment by about 0.25 mm pri- 
or to each laser pulse firing. Alternatively, the optical fib- 
er can be urged against tissue in a compressed state 



prior to each laser pulse firing. The computer 200 con- 
trols this proper sequence of needle piercing along with 
fiber advancement and laser firing. The fiber advance- 
ment mechanism is preferably driven by a stepper motor 
5 1 43. Alternatively, the motor 1 43 for fiber advancement 
can physically be located in a distal laser controller 
housing with a conduit for advancing the energy delivery 
device such as an optical fiber through a hand-held de- 
vice or the housing can include a flexible drive shaft 
10 which drives a gear mechanism within a hand-held de- 
vice to advance an energy delivery device such as an 
optical fiber. The computer 200 can be a processor in- 
corporated within the hand-piece and be battery oper- 
ated. FIG. 15 shows the internal components for auto- 
fiber advance in a TMR hand-piece 206. The TMR de- 
vice 206 shows auto-fiber motor 143 which preferably 
is a stepper motor with an auto-piercing mechanism 
shown in FIGs 12A-12G. A drive shaft 220 with worm 
gear 218 attached thereto drives a pinion gear 212 
which in turn advances/retracts a rack member 21 6. The 
optical fiber 101 in turn is driven by a rack member 216. 
A slip coupling clutch 222 is included with a motor drive 
shaft 220 for motor protection. A mounting bracket 210 
supports the driven assembly 214. This bracket 210 is 
mounted within the TMR handle's backing plate 208. Al- 
ternative motive forms to advance or retract the energy 
delivery device such as an optical fiber include pneu- 
matic or fluki motors with appropriate tubing and valving 
components for the control thereof. 

Any of the above TMR hand devices with handle 
assemblies described in FIGs 10-15 above can include 
evacuation/irrigation/drug delivery ports and delivery 
components at the head member 24 with associated tu- 
bular members within the hand-held TMR device that is 
connectable to a vacuum source as shown in simplified 
form in FIG. 1 herein which draws heart tissue against 
a distal contact surface of the head member 24 and can 
also assist in removal of ablated tissue and draw blood 
into the TMR channel. 

Additionally, the TMR devices with handle assem- 
blies discussed above can include an optical fiber with 
piercing tip element as taught in U.S. Patent 5,703,985. 
Such piercing fiber tip designs obviate the need for a 
piercing tip member 110 in the above hand-held TMR 
devices. The optical fiber wrth a piercing tip as taught by 
this disclosure can be attached to the auto-piercing and 
fiber advance mechanism shown In FIG. 15 where the 
motor 142 can be eliminated. 

In European patent application no 98300728.7, the 
viewing surgical scope includes at least the visualization 
scope and a laser energy delivery device such as an 
optical fiber for use in a minimally invasive surgical TMR 
procedure. This patent disclosure teaches of hand-held 
TMR optical fiber advancement and control handle as- 
sembly that forms part of an articulating handle member 
for control of the device's articulating distal tip assembly 
European patent application no 98300728.7 includes an 
auto-piercing mechanism in this handle assembly for 
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causing auto-piercing in, relation to optical fiber ad- 
vancement. These surgical viewing scope apparatus 
can be either a bronchoscope or endoscope in combi- 
nation with a laser optical fiber that are introduced 
through a minimally invasive formed penetration in a pa- 
tient's chest. Any of the hand-held TMR devices with 
handle assemblies shown in FIGs 10-15 can be used 
with this prior invention's minimally invasive surgical 
TMR handle assembly. 

Finally, the optical laser energy device disposed 
within a lumen defining structure of the housing can be 
interchanged with other channel forming device such as 
fluid jet, R-F electrodes or mechanical parting/piercing 
components that may require an auto-piercing mecha- 
nism as presented herein for initial epicardial penetra- 
tion prior to tissue removal. 

To those skilled in the art to which this invention re- 
lates, many changes in construction and widely differing 
embodiments and applications of the invention will 
make themselves known without departing from the 
spirit and scope of the invention. The disclosure and the 
description herein are purely illustrative and are not in- 
tended to be in any sense limiting. 

Claims 

1. A hand controllable myocardial revascularization 
device for performing transmyocardial revasculari- 
zation (TMR) procedures on a patient's heart com- 
prising: 

a handle assembly with a head portion whose 
distal end is configured to engage the heart; 
a channel forming device extending through the 
handle assembly and head portion; 
piercing means surrounding the channel form- 
ing device for making an initial opening in tis- 
: sue, the piercing means moves relative to the 
head portion and is translatable through the 
head portion; and 

advancing means for control lably advancing 
the piercing means, whereby the advancing 
means enables initial tissue piercing. 

2. The device of claim 1 wherein the advancing means 
includes a spring and triggering means for actuating 
and allowing displacement of the piercing means. 

3. The device of claim 1 wherein the head portion in- 
cludes at least one opening on the distal end con- 
tact surface, the at least one opening communi- 
cates through the handle portion which configurably 
can connect to a vacuum source, whereby activa- 
tion of the vacuum source: a) draws the heart 
against the head portion's distal end. b) assists re- 
moval of ablated tissue and c) draws blood into a 
revasculartzing channel. 



4. The device of claim 1 wherein the channel forming 
device is an optical fiber and the piercing means in- 
cludes a piercing tubular member that is retractable 
into the head portion, the piercing tubular member 

5 has a tapered tip portion and an internal bore for 
allowing stidable displacement of the optical fiber, 
a distal section of the piercing tubular member in- 
cludes means for axially bending of the piercing tu- 
bular member 

10 

5. The device of claim 4 wherein the handle assembly 
includes adjustment means for moving the optical 
fiber within the handle assembly and head portion, 
the adjustment means forms part of the handle as- 
sembly, whereby the optical fiber's distal end can 
move beyond the head portion, and means for pre- 
setting displacement of the optical fiber, thereby lim- 
iting the optical fiber's displacements. 

20 6. The device of claim 4 wherein the handle assembly 
further includes rotational adjusting means for ori- 
enting the tapered tip portion, the rotational adjust- 
ing means attaches to the tubular member and the 
handle assembly, the piercing means includes 

25 means for offsetting an angle of the optical fiber 
from the piercing means. 

7. The device of claim 5 wherein the adjustment 
means includes a movable shuttle which connects 

30 to the optical fiber and moves independently and 
inter-locking ly with the advancing means, 

8. The device of claim 1 wherein the advancing means 
includes an actuator means for advancing the pierc- 

35 ing means. 

9. The device of claim 8 wherein the actuator means 
includes a thumbwheel attached to the handle as- 
sembly, a belt drive that rides on a pair of gear mem- 

40 bers. and a rotatably mounted needle piercing ele- 
ment that translates within one of the gear members 
bore with internal threads. 

10. The device of claim 8 wherein the actuator means 
45 includes a motor which drives a shaft whose distal 

end has a gear that engages and rotatably drives a 
rotatably mounted needle piercing element. 

11. The device of claim 10 wherein the gear is a worm 
50 gear. 

12. The device of claim 10 wherein the gear is a bevel 
gear 

55 1 3, The device of claim 8 wherein the actuator means 
includes a motor which drives a shaft with a cam 
shaped distal surface that engages and coopera- 
tively engages a spring biased reciprocating needle 
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element whereby shaft rotations cause displace- 
ments of the needle piercing element. 

14. The device of claim 8 wherein the actuator means 
includes a motor which drives a translating shaft 
having a surface which engages a leaf-spring bi- 
ased reciprocating needle element whereby trans- 
lating movements of the shaft cause displacements 
of the needle piercing element. 

15. The device of claim 8 wherein the actuator means 
includes a motor which drives a pivotal shaft, a dis- 
tal end of the shaft engages a reciprocating needle 
element whereby pivoting of the shaft cause dis- 
placements of the needle piercing element. 



advancing means, whereby the advancing 
means provides initial tissue piercing and op- 
erably advances the optical fiber at a rate co- 
ordinated with the laser energy source firing for 
5 controlled tissue ablation. 

20. The system of claim 19 wherein the adjustment 
means includes a first motor which attaches to the 
hand-held assembly that drives the adjustment 
10 means and a second motor which attaches to the 
handle assembly the second motor drives the 
piercing means. 



16. The device of claim 5 wherein the adjustment 
means for moving the optical fiber includes means 
for operabty advancing the optical fiber at a rate co- 
ordinated with a configurable laser energy source. 20 



17. The device of claim 8 wherein the adjustment 
means for moving the optical fiber includes means 
for operably advancing the optical fiber at a rate co- 
ordinated with the configurable laser energy source 2S 
for ablating tissue. 



18. The device of claim 8 wherein the actuator includes 
a motor and a means for controlling the motor, the 
motor is controlled by movements of the thum- 30 
bwheel, the thumbwheel engages a first switching 
means for controlling advancement of the piercing 
means and a second switching means for control- 
ling retraction of the piercing means. 

35 

19. A myocardial revascularization system for a proce- 
dure on a patient's heart, the system comprising: 

a) a processor and a laser energy source con- 
trolled thereby; 40 

b) a handle assembly with head portion whose 
distal end is configured to engage the heart; an 
optical fiber having a proximal end connecting 
to the controllable laser energy source, the op- 
tical fiber extending through the handle assem- 
biy with a distal end of the optical fiber within 
the head portion; adjustment means for moving 
the optical fiber within the handle assembly and 
head portion; piercing means for: a) making an 
initial opening in a surface of a heart and b) al- 

- lowing the optical fiber's movement there- 
through when moved by the adjustment means, 
the piercing means moves axial ly and rotation- 
ally relative to the head portion and is translat- 
able through the head portion; and 

c) advancing means for sequentially and con- 
trollably advancing the piercing means and the 
adjustment means, the processor controls the 
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